Thyroid cancer is the most prevalent endocrine cancer and is evident in nearly 5% of thyroid nodules. The correlation between mean platelet volume (MPV) and many other cancer types has been investigated previously. However, the correlation between papillary thyroid carcinoma (PTC) and MPV has not yet been studied in detail. The aim of this study was to examine whether MPV would be a useful inflammatory marker to differentiate PTC patients from cases of benign goiter and healthy controls. Preoperative MPV levels in patients with PTC were found to be significantly higher when compared with benign goiter patients and healthy controls ((respectively, 8.05 femtoliter (fl), 7.57 fl, 7.36 fl, p=0.001). After surgical treatment of PTC patients, a significant decrease in MPV levels was seen (8.05 fl versus 7.60 fl, p=0.005). ROC analysis suggested 7.81 as the cut-off value for MPV (AUC=0.729, sensitivity 60%, specificity 80%). In conclusion, maybe changes in MPV levels can be used as an easily available biomarker for monitoring the risk of PTC in patients with thyroid nodules, enabling early diagnosis of PTC.
Introduction
Thyroid cancer is the most prevalent endocrine cancer and is seen in nearly 5% of thyroid nodules (Pacini et al., 2006) . Thyroid cancer incidence has rapidly increased during the past few decades, and the increase is nearly exclusively due to increases in the incidence of papillary thyroid carcinomas (PTCs), with no significant change for the other histotypes (Cramer et al., 2011; Pellegriti et al., 2013) .
With their secretions of proinflammatory factors, chemokines, and growth factors, platelets play an important role in cancer diseases with an inflammatory background (George, 2000) . Mean platelet volume (MPV) is a marker associated with functional changes in platelets, which can be easily detected with routinely used hemocytometers (Gasparyan et al., 2006; Wang et al., 2011) . MPV indicates mean platelet size and reflects platelet production rate and stimulation (Threatte, 1993) . Larger platelets are more metabolically and enzymatically active than smaller platelets (Mangalpally et al., 2010) .
The correlation between MPV and many other cancer types has been investigated previously (Cho et al., 2013; Oge et al., 2013; Kemal et al., 2014; Kilincalp et al., 2014a; 2014b) ; however, the correlation between PTC and MPV has not yet been studied. The aim of this study is to examine whether MPV would be a useful inflammatory marker to differentiate PTC patients from benign goiters and healthy controls. 
Materials and Methods
The present study was a retrospective study. The Ethical Committee and Institutional Review Board of Selcuk University Faculty of Medicine, where the study was conducted, approved the study design.
For this retrospective study, we reviewed the medical records of 152 patients who underwent a total thyroidectomy in our hospital between January 2013 and August 2014. Patients with diabetes mellitus, hypertension, chronic inflammatory disease or autoimmune disease, acute or chronic infection, other known malignancy, heart failure, myeloproliferative disorders, hepatic or renal disorders, taking anticoagulation medicine, and thyroid stimulating hormone (TSH) outside normal range were excluded from the study.
Thirty patients with exclusion criteria and 24 patients with missing data were not included in the study. Sixty-six out of 98 patients who underwent a total thyroidectomy had been diagnosed as having PTC (n=66); the rest had benign goiters (n=32). Twenty-eight hospital professionals with normal TSH and thyroid autoantibodies levels and their normal thyroid ultrasonographic examination results were included in the study as a healthy control group. As a result, all patients were divided into three groups as follows: Group 1 (n=66) were PTC patients, Group 2 (n=32) were benign goiter patients, and Group 3 (n=28) were healthy controls. Each patient's medical record was independently reviewed by two physicians of our department to ensure that exclusion criteria were accurately met in every candidate for enrollment in our study. Data collection included patient demographics, clinico-pathological parameters, and preoperative and postoperative hematological parameters.
For blood count analyses, samples were obtained after overnight fasting and between 7:30 AM and 9:00 AM. Preoperative data were obtained from the preoperative results of routine blood tests. Postoperative data were obtained from the routine control tests performed at postoperative 4-10 weeks while the patients were receiving L-thyroxine and their TSH levels were within normal limits. All blood samples were tested (as a part of their complete blood counts, CBC) using an automated hematology analyzer (Cell-Dyn 3200) (Abbott Diagnostics, Abbot Park, IL, USA) for measurement of MPV. In our clinic, the MPV reference range is determined as 7-11 fl.
Statistical analyses
Data were analyzed using the Statistical Package for 
Results
Demographic characteristics and preoperative laboratory parameters of the groups are given in Table 1 . There was no statistically significant difference among the groups regarding age; gender; smoking status; and white blood cell, hemoglobin, and platelet count (Table 1) .
Preoperative MPV levels in patients with PTC were found to be significantly higher when compared with benign goiter patients and healthy controls (Table 1 ) (Figure 1 ). A significant difference was not observed between preoperative MPV levels of benign goiter patients and healthy controls (Table 1 In the ROC curve analysis, the preoperative MPV presented 60% of sensitivity and 80% of specificity at the criterion > 7.81 fl (area under the curve (AUC)=0.729).
Discussion
This study demonstrated that PTC patients had significantly higher MPV values when compared with benign goiter patients and healthy controls. A significant drop in MPV levels has been demonstrated in PTC patients treated surgically. :http://dx.doi.org/10.7314/APJCP.2015.16.7 
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Many types of cancer emerge in the background of infection and inflammation. In the development and progression of cancer, inflammation is an essential and vital process (Kim et al., 2009 ). The biological effects of inflammation include increased cellular proliferation, angiogenesis, inhibition of apoptosis, and deficiencies in adaptation ability against oxidative stress (Shacter and Weitzman, 2002) . Platelets have an important metabolic role in the pathogenesis of cancer by means of their angiogenic, metastatic, and proteolytic activities in the background of inflammation (Kisucka et al., 2006) . MPV reflects platelet activity, and strong evidence indicates that MPV is an important biological variable and that larger platelets are more metabolically and enzymatically active than smaller platelets (Mangalpally et al., 2010) . Previously, the association between many different types of cancer and MPV was investigated (Kilincalp et al., 2014; Kemal Y et al., 2014; Oge et al., 2013; Kilincalp et al., 2014; Cho et al., 2013) ; however, the correlation between PTC and MPV has not yet been analyzed. Recently published studies by Kemal et al. on patients with ovarian cancer (Kemal Y et al., 2014) , Oge et al. on endometrial cancer patients (Oge et al., 2013) , and two separate studies by Kilincalp et al. on patients with colorectal cancer (Kilincalp et al., 2014) and gastric cancer (Kilincalp et al., 2014) have demonstrated higher preoperative MPV values when compared with healthy controls; they have also indicated a significant decrease in MPV levels with surgical excision of tumors. In the present study, the correlation between PTC and MPV has been evaluated for the first time. Similar to previous studies, the present study has determined that PTC patients had significantly higher MPV values when compared with benign goiter patients and healthy controls; further, a significant drop in MPV values was detected after surgical treatment.
Malignant cells produce cytokines as IL-1, IL-6, and other growth factors, which stimulate the production of platelets. There is increasing evidence that tumors and endothelial cells are acted upon by vascular endothelial growth factor (VEGF), growth factors, and interleukins secreted by platelets (Sierko and Wojtukiewicz, 2004) . This may contribute to the transport of VEGF and platelet derived growth factor (PDGF), which have been shown to function as a potent mitogen for different cell types (Sierko and Wojtukiewicz, 2004; Apte et al., 2004) . In recent years, use of these anti-angiogenic drugs that target these pathways in the treatment of cancer is becoming more prevalent. These drugs can be effective on thrombocytic activity, which can be evaluated with MPV levels. If platelets have an important place in tumor angiogenesis, then MPV, which reflects thrombocytic activity, can be used as a marker for angiogenesis. Mutlu et al. investigated 74 patients with metastatic colon cancer and reported a significant decrease in MPV levels with the anti-angiogenic agent bevacizumab (Mutlu et al., 2012) . Tuncel et al. analyzed 148 patients with colorectal cancer and reported that patients with metastatic disease had higher MPV values relative to the non-metastatic group; further, patients with higher MPV values among those treated with bevacizumab had shorter progressionfree survival times and lower treatment response rates (Tuncel et al., 2014) . The outcomes of this study can be interpreted as follows: increased platelet activity decreases the effectiveness of anti-angiogenic drugs. In recent years, anti-angiogenic drug use, mainly sorafenib therapy, in advanced PTC patients has been intensively investigated (Krajewska and Jarzab, 2014) . In the years to come, new studies evaluating the correlation between anti-angiogenic treatment and MPV in PTC patients may be needed.
There are several limitations to our study. Our study is a retrospective study and it had a relatively small sample size.
In conclusion, our findings suggest that MPV may be used as a possible biomarker in the diagnosis of PTC patients. Maybe changes in MPV levels can be used as an easily available biomarker for monitoring the risk of PTC in patients with thyroid nodules, enabling early diagnosis of PTC. Further, a postoperative decrease in MPV levels might contribute to evaluating therapeutic effectiveness in PTC patients.
